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Claim 

Method for manufacturing a bipolar integrated circuit using I 2 L characterized by the 
following facts: during the process for manufacturing bipolar integrated circuits using I 2 L, which 
use emitters and collectors that operate in a reverse manner compared to conventional bipolar 
transistors, through the diffusion windows in the substrate of the integrated circuit, phosphorus 
or arsenic is diffused to form collector regions for the I 2 L portion, and an insulating film is 
formed together with these regions; then, in the insulating film portion of said collector regions, 
contact holes smaller than said diffusion windows are formed; in the contact holes, a 
high-concentration polysilicon wiring for wiring of the I 2 L circuit is formed and is connected to 
said collector regions; then, the second layer of metal wiring is applied. 

Detailed explanation of the invention 

This invention pertains to an improved method for manufacturing a bipolar integrated 
circuit using I 2 L with a double-layer wiring configuration. 

It is well known that this type of bipolar integrated circuit has inverters made of 
individual transistors with emitters and collectors that operate in a reverse manner with respect to 
conventional bipolar transistors, and transistors for complementary injection which have a 
common emitter and base and base and collector, respectively. However, compared with 
conventional bipolar integrated circuits, the current amplification rate (p up ) in the inverter is 
lower. Consequently, there is a demand for the improvement of the current amplification rate. 

The conventional manufacturing process for bipolar integrated circuits using I L with 
double layer wiring is performed as follows. Conventional technology is used to form the first 
layer of aluminum wiring, and an interlayer insulating substance is deposited by CVD. Then, 
contact holes are formed in the film using photolithography. Then, a second layer of aluminum is 
formed by vapor deposition, followed by patterning to complete the circuit. However, in this 
method, after vapor deposition of the first and second aluminum layers, a high-temperature 
process (500°C or higher) cannot be carried out, and a cleaning step such as for phosphorus 
getter, etc., cannot be carried out. This is a problem. Also, the CVD film deposited as an 
insulating layer on the first layer of the aluminum reacts with aluminum, and electrical 
connection often cannot be guaranteed. This is also a problem. 

In consideration of these problems, it has been proposed that the bipolar integrated circuit 
using I 2 L be manufactured by forming the first layer of wiring from a high-concentration 
polysilicon instead of aluminum. For a conventional bipolar IC, polysilicon is used as a diffusion 
source, yet it has not been used as the wiring. That is, in this method, first of all, as shown in 
Figure la, on p"-type silicon substrate (1), n + -type diffusion layer (2) is formed from Sb or As; 
then, n-type Si layer (3) is formed by means of epitaxial growth. Then, . by means of boron 



3 



diffusion, p + -separating region (4) is formed, followed by formation of n + -diffusion region (5), 
injector and external base region (6), and real base region (7) by means of low-concentration 
boron diffusion. Then, silicon dioxide film (8) is set, and diffusion windows (9).. .(9) are formed 
in this oxide film. Then, on silicon dioxide film (8), as the first layer of wiring material, 
phosphorus or arsenic-doped polysilicon film (10) is coated by a CVD method, and at the same 
time, phosphorus or arsenic is diffused through diffusion windows (9).. .(9) to form collector 
regions (1 1)...(1 1) (see Figure lb). Then, as shown in Figure lc, by means of photolithography, 
polysilicon film (10) is etched to form the first layer of polysilicon wiring (10'). Then, phosphate 
silicate glass is coated to form insulating film (12) (see Figure Id). Then, contact holes are 
formed in insulating film (12) and oxide film (8), and aluminum vapor deposition and selective 1 
etching are performed to form the second layer of wiring as ground portion (13), injector (14) 
and input portion (15). In this way, a bipolar integrated circuit using I L is formed (see 
Figure le). 

However, in the aforementioned method, as polysilicon is directly coated on the oxide 
film having diffusion windows to form collector regions, as shown in Figure 2, the area of first 
layer wiring regions (10').. .(10') made of polysilicon on collector regions (1 1)...(1 1) is larger than 
the area of collector regions (1 !)...(! 1). Also, it is necessary to maintain a prescribed width 
(usually 3 jim) between first layer wiring regions (10').. .(10'). Consequently, the gap between 
collector regions (11).. .(1 1) naturally becomes longer, the integration degree decreases ■ 
significantly, the ratio of the area of the collector regions to the area of base regions (6) becomes 
smaller, and the current amplification rate (p up ) decreases. This is a disadvantage. 

In order to solve the aforementioned problems, the inventors of this patent application 
performed extensive research. As a result of this research, it was found that by diffusing 
phosphorus or arsenic through the diffusion windows before forming the first layer wiring of 
polysilicon connected to the collector region and by forming an insulating film along. with this 
diffusion process then by forming contact holes smaller than the diffusion windows in the 
insulating film and finally by forming the first layer wiring made of polysilicon, it is possible to 
form the first layer wiring on the collector regions in an area equal to or smaller than the area of 
the collector regions; so that the gap between the collector regions becomes smaller, the 
integration degree becomes higher, the ratio of the area of the collector regions to the area of the 
base regions becomes higher, the current amplification rate is improved significantly, and the 
bipolar integrated circuit using I 2 L can perform high-speed operation. In this way, a method for 
manufacturing the device of the present invention was found. 

That is, this invention provides a method for manufacturing a bipolar integrated circuit 
using I 2 L characterized by the following facts: its emitter and collector operate in a reverse 
manner to conventional bipolar transistors, through the diffusion windows in the substrate of the 
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integrated circuit, phosphorus or arsenic is diffused to form collector regions for the I L portion, 
and an insulating film is formed together with these regions, then; in the insulating film portion 
of said collector regions, contact holes smaller than said diffusion windows are formed; in the 
contact holes, a high-concentration poly silicon wiring for wiring of the 1 L circuit is formed and 
is connected to said collector regions; then, the second layer of metal wiring is applied. 

According to this invention, as means for forming the collector regions and for forming 
the insulating film, for example, the following methods may be used: a method in which 
phosphorus or arsenic ions are implanted through the diffusion windows followed by a thermal 
oxidation process to form an oxide film (insulating film); a method in which phosphate silicate 
glass or arsenate silicate glass is deposited by CVD through the diffusion windows, and by ; 
means of diffusion of phosphorus or arsenic, the collector regions and insulating film are formed 
at the same time, etc. 

According to this invention, usually plural collector regions are formed. 

In the following, this invention will be explained in more detail with reference to an 
application example illustrated by Figures 3a-f 

Application example 

First of all, as shown in Figure 3a, on p~-type silicon substrate (21), n + -diffusion layer 
(22) was formed by means of Sb, and then, by means of epitaxial growth, n-type Si layer (23) 
was formed. Then, by means of boron diffusion, p + -separating region (24) was formed, followed 
by the formation of true base region (25), n + -diffusion region (26), injector, and external base 
region (27) by means of low-concentration diffusion of boron. Then, by means of a thermal 
oxidation process, silicon dioxide film (28) was formed, and diffusion windows (29)... (29) were 
formed in oxide film (28). Then, as shown in Figure 3b, on the entire surface of silicon dioxide 
film (28), phosphate silicate glass film (30) (PSG film) with a thickness of 3000 A was formed 
using the CVD method, and at the same time, phosphorus was made to diffuse from said PSG 
film (30) through diffusion windows (29).. .(29) to form four collector regions (31).. .(31) in true 
base region (25) and to form emitter region (32) in the n + -diffusion layer. 

Then, as shown in Figure 3c, on collector regions (31). ..(31), contact holes (33).. .(33) 
with an area smaller than said diffusion windows (29).. .(29) were formed in portions of PSG film 
(30). In this case, contact hole (33') was also formed in the portion of PSG film (30) on emitter 
region (32). Then, a high-concentration polysilicon film was formed using the CVD method on 
PSG film (30) having contact holes (33).. .(33), (33'), and by means of the conventional 
photolithographic method, patterning was performed to form first layer wiring regions (34).. .(34) 
connected to said collector regions (31). ..(31) and emitter regions (32) (see Figure 3d). Of 
course, it is also possible to diffuse phosphorus or As or the like in polysilicon after growth of 
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the undoped polysilicon by CVD method. Then, as shown in Figure 3e, on PSG film (30) 
containing first layer wiring regions (34)...(34), phosphate silicate glass film (35) (PSG film) 
with a thickness of 6000 A was deposited. Then, wiring outlets (36), (36), (36) were formed on 
the portion of second layer PSG film (35) on wiring (34) of emitter region (32), the portion of 
oxide film (28) on injector region (27) and first and second PSG films (30), (35), and the portion 
of oxide film (28) on the external base and first and second PSG films (30), (35). Then, 
aluminum vapor deposition and selective etching were performed to form, as the second layer of 
wiring, ground portion (37), injector (38), and input portion (39). In this way, a bipolar integrated 
circuit using I 2 L was obtained. 

As shown in Figure 4, for the obtained integrated circuit, contact holes (33). ..(33) smaller 
than diffusion windows (29). ..(29) are formed in the PSG film in collector regions (31). ..(31) in 
external base region (27). Through said contact holes (33).. .(33), first layer wiring regions 
(34). ..(34) are connected to said collector regions (31). ..(31). That is, first layer wiring regions 
(34). ..(34) have the same area as that of collector regions (31). ..(31). Consequently, even when a 
prescribed width (about 3 jim) is maintained between first layer wiring regions (34). ..(34), first 
layer wiring regions (34).. .(34) are still aligned with collector regions (31).. .(31). Consequently, 
one may separate collector regions (31).. .(31) by a gap of only 3 ^m, and the distance is much 
shorter than the distance between collector regions (3 1)...(3 1) in the conventional method (as 
shown in Figure 2). As a result, it is possible to increase the integration degree, and at the same 
time, it is possible to increase the ratio of the area of collector regions (3 1)...(3 1) to the area of 
external base region (27), and to improve the current amplification rate. Also, in this application 
example, when the diffusion windows have the same measurements as that in the conventional 
method, the integration degree is improved by 24% over that in the conventional method, and the 
current amplification rate is improved by 31% over that in the conventional method. 

As explained in detail above, according to this invention, the first layer wiring regions 
formed on the collector regions of the I 2 L portion can occupy equal or smaller area than the area 
of the collector regions, and the distance between the collector regions can be reduced so that the 
integration degree can be increased. Also, it is possible to increase the ratio of the area of the 
collector region to the area of the base region, so that it is possible to improve the current 
amplification rate significantly, so that the bipolar integrated circuit using I 2 L can be used for 
high-speed operations. 

Brief description of the figures 

Figures la-e are cross-sectional views illustrating the manufacturing steps of the bipolar 
integrated circuit using I 2 L in the prior art. Figure 2 is a plan view illustrating the base region of 
the integrated circuit obtained by the steps of operation described above. Figures 3a-f are 
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cross-sectional views illustrating the manufacturing steps of an integrated circuit using I 2 L in this 
invention. Figure 4 is a plan view illustrating the base region of the integrated circuit obtained by 
the steps of operation shown in Figures 3a-f. 

21 p"-type silicon substrate 

27 External base region 

28 Silicon dioxide film 

29 Diffusion window 

30 PSG film 

3 1 Collector region 

33 Contact hole 

34 First layer wiring (Pol-Si) 

37 Ground portion 

38 Injector 

39 Input portion 




Figure 1 



InJ Jnpul 15 



,10* 11 10 Jl 10 II »" |i 



Figure 2 



^29 ,26 ,29 29 29 29 



^ 1 j 

24 26 27 27 25 / 



25 25 25 



26 2/ 



2 

(b ) 



28 , 30 



IL 32 26 27 



27 31 25 3125 31 25 31 25 26 24 p-T-21 




( f ) 




( 1 i 1 H H I 

\ 27 31 25 31 25 31 25 3) 



25 26 26 _r~ 2 l 



( f ) 



32 ,33 28 ,30 33 33 33 33 



27 31 25 31 25 31 25 31 25 26 2* 




2* 32 27 



27 31 25 31 25 31 25 31 25 26 26 



r 4-2. 



Figure 3 



36, 
27- 



Inj 



Input 
4-39 



3K3A) 3<34) 



■29 ( M&JfM 



33 



33^ 



27 



33 



■H^3K3A) 



33 



Figure 4 



B*®ft&fT (JP) 

/A SB ( A ) 



©Int. CI. 3 
H 01 L 27/08 



6513-5 F 



© # ft & m a eh 

HS55— 9464 

BgfD55^(1980) 1 £23 0 



5 H) 



® 1 2 L£#£r/W 7*»EI»0»i6SS 

cfi BS53-82683 
©ttl H BS53(1978) 7 7 B 

©ft # 



/JWflT*E«ji|ar72*ift 



n « « 

^ i y f , * * ? * i 4> '* A * - 9 > 9 
y S * 9 iiSftJfcf^^i 1 2 L i <*: tj '* 4 * - 7 * 

« it H £o 

clou©'***-?**®*!* 



J 

* * * t mK Litm toft '< - t * * * h 
^^^feas-f^-^—^i^ © .x $ * * . -< 

Umo A y x ? * m h 5 * * * £ & m JLit 
% © T * £ # N &*©'*< * - 7 * « !sj K K ifc 
t-c-f J"« - (A»p ) * ft Ia A: 

ft * A * - ? ftft.Bft * 4 fCH^Oi: 5 

4Ci#ff4i>*LT^4 0 Bit,; ffl^OgfT 

-P7-**«*ABa*iraw* ® im & « t 

© T * $ -*^&*&0 : '**-->'~>'^£^;3 : 
^> *t % * 0 L * L * # x t © £ i> o 
"C tt a — , ^ - o r ^ * ^*^&*#©fciB7* 
n 4b * ( 5 00C&J:) #*WC& 2? , ft » 4b X 

s ^ w a «: y >- ^ ^ ^ - * ^ ;f ar *g £ * * w g 



-269- 



- 'I 

fit* « * T * * -?^ICtt^T#*K£j!8»&xiJ 
a ^tf^Lt i 2 L5r^tf^-( - 7 tit E & 

i c 1 11, ^feASifejitfeSi L,t«ffi$Kt 



,3 

tt A * 9 a * K » I a'* # £ L fc * * U x S <fc 
4 ( % 1 0 • 03 7F ) e 

L * L ft # feV ieafercjb^Ttt^ftAf 

^TfrfeftSW — «E*1 J 3 ^ ^ * « 

J*" J i *** 1 J OSR«I jJ^I < 4 4 0 ^ © i: x 



tt # * # # L ft tt-jh. tf ft * # , 3 f 
* * # # I i - i l © m W & # t& 6$ K £ < ft j> , 

Iff « IC « * a u ^ *$#©©«©& ft 
j7 , C^p) i>i <£ T -t * * & # & 4 o 

£ifcfc*J»**jatL % t©**JfcK#»»Jt 

= u-^**Bi*©!K]Wtf*ffi< ft Ui^E^lt 
I^Ii«©Jt#ft±L*«J#*2*fc*i,<9fc# 

ffi3fc»ft#BrjRSft-I 2 Lfc#fr'*'frf-7 
* ft 93 # jfc. Wt at $ jjr ^ ( =r v ^ * 



-fcifcflfO-r^/tf-;? h 7 X * * t j& *C L 7t * 
I 2 L t ttr^ *-7&ft!ajte©3Sj£K:i* 

L T I 2 L 8& © 3 M^fet^Ktiti 
* - a- 3: & ft N t © 3 x ^ ^ h * - a- ft I 2 L {«) 

K©i^^©?t46©S5aiffi^tefl-x v a ^ a * * 

© M ft <t * ft ft 5 ^ & fc U T tt , fl!;ttfft&® 
*ft»c«t3Sft<r?^Xtt8tXSft<r7^4 cvd 



-270- 



#3 ti Z> 4. © r *> h , 
9* *fe W 

* ? sb 3 si * ■* i 5 , a * 

/ KSbt n^»« 2 2^, $ fC X * * 

^-y-rA^^rci J B ® S 1 IF 2 lH^Uft^ 
o^ffrfci !ip^lf «M till, a 
tcJdi * ° yo&fc&ftfcfc.t * © ** - * 

«. #25, n+ ft f* # J* 2 ff , 4* & 

fci.Kn^ , j=ynfcS2^s^> t © » 

J »C & ft: g 2 p - 2 p * » J3t U *. • -t © 

£|SK:»3 3000£©#&rt:tf?*&3 0 (PSGjg?) 

9-2 jic!tftu.-c*©^- 

SB # 3 SK4-20=ls?f&#. 3 2-3 J 3l 



-* - * « * r r rt © a w * * m i& a i-3 / jt 

©PSGfi*Ki£#&2 9 - 2 9 I b /h 5 V* a >- * 
h * — A> 3 3-3 3 # }§£ $ 3 ft N -t(D3 y ;(t 
^ h*-^3 3 ••• 3 JH'LTJS-lK»i ¥ 
- 3 ^^3V;^il*3 i - 3 J *S » S ft 

X H A o OIK SB - * £ «P 3 - 3 < . *s = u 
^ 4* 3 J 3 2 ©6n*£{*} £ © 

A. * * « - * £ * 3 < - 3 < |fjj t 0f € © * C 3*m 

*±3V^*«J**3|... J J HfttiO'T, 3 
U * # ft * 3 J 3 i % 3*m)# ttltfl{4 j), 
*«WK3t/^/fl*i / ... j i Jffij © £ IE % 



tJM IES5-94S4 f3i 
« 3 i .« 3 i Jb© PSGttf o 0 8&#rc#jfc&ft& 

3 9-2 9lj?/h^S«©3y^^ h * - A* 

i i J i to***, x * ? * * * 

3 2 lo psg is 3 si fl-.rc. ^a/^n*-^ 

3 3'^^^7tn^^^T > 3 V M -A- 
3 :■ - 3 3 , J J'fcfc'^&PSGjftJ 0 ± K #5 US 

%V%X1kVLteK L *>'•*-- y ~ y r til & 

3 W ^ £ * 3 2-3 J & r>' x ; * 0j [ « 3 2 

*c*ttLJt«-*©Ei»3 #-3 itJHsKU 

(5&3@d07r)o£j8frv uDdop.^fc^SI tCVD 
^TS£*Ut«^ »/ x^v^tt A. '4? t £*S ft SI 
KteftL-tiiiOo-t©*,* aS3Bt*C7Pt r 

9 KSR-ff Oj£i J r - 3 <t-S"trPSG#C3 o 
±'Kflt « 6 00 0 l©#£{b ^M|J 5 (PSGHfc) 
4*«Lv L * & flK x ; j ;o£» 

3 4 Jb © « g © psgm 3 s omfrs 4 y # 

2 7 ±om.its& 2 8 t % — , m - 

<D PSGR 3 0 , 3 5 t Og5^, A^nSC^-^ 

± omit m» s tm- , »zopsg«3 o , 
« 3 2-3 / ©ici«ik^ifti±*n, it a at «f * 

tt^.*feKikUT2 4*SfiEefc4l«^, * -S> It * 

&±n&LJtiiQ<. x&w k i tin i 2 l mo 

3U^^«g*JlO^-««liW^, fe3U^^« 

^©ffiaira^^^^tvJliJ/J. ^<T$v "to 
T^^t^fC, ^-^^^©ffiltlC « '-t h 3 u 
<*#T%, ift^iJ^^ertt 4 I 2 L 

4.B ffi © tt * * K m 

m i a • - « tt^?fe© z 2 l t # tr >r # - ? 
* «R is k © t* ifex € t ^ -t vf cb 0 s mimam 



-271- 



n- p-fii/?ay|i, 2 r - » -* - ^ 

S* s 2 «"">'J 2 9 - it ft Jg , 

J 0 - P S G R > 3 J •« a 1/ ^ ^ f 3 3 3 

J 7 - T - * 83 , 3 0 »■ <\ x x ^ * N j 9 — 
A # 55 0 



tt«Af«A *PH± M AC St £ 




* 3 A 

{ a ) 





/' 


9 29 


29 


2 

f 


9 


P 1 

-21 


p 




I 


pp 


P" 


ft 
















1 — f— / 






1U I 


6 


?7 27 25 




5 25 26 5 





22 



(b > 

26 ,30 




22 



( c ) 



32 ,33 28 30 33 33 33 33 




28- 




22 



38. 
27 ~k 



Inj 



Input 
4-39 



3K34) 3X34) 3X3A) 



33 



33^ 



33 



33 



„27 



-273- 



